The assessment of osseous changes in the temporomandibular joint using cone beam computed tomography by Shaik, Shoayeb
 
 
 
 
 
The  Asse s sment  o f  Osseous  ch anges  in  the  Temporomandibu lar  
Jo in t  u s ing  Cone  Beam Computed  Tomography  
By 
 
Shoayeb Shaik 
 
B .Ch .D  (U .W.C)  
P . D . D  ( U . W . C )  
 
 
 
 
“Submitted in partial fulfillment of the requirements for the degree of Magister Scientiae 
(M.Sc.), in the department of Oral and Maxillo-facial Radiology, Faculty of Dentistry, 
University of the Western Cape, November, 2013”  
 
 
 
 
S u p e r v i s o r :  P r o f  M . E .  P a r k e r
 
 
 
 
i 
 
 
A c k n o w l e d g e m e n t s  
 
I t  i s  w i th  s i nce r e  g r a t i t ude  t ha t  I  t ake  t h i s  oppo r tun i t y  t o  t hank  a l l  
t hose ,  w i thou t  whom,  t h i s  M.Sc .  wou ld  no t  be  pos s ib l e .   
F i r s t l y  I  a m  g r a t e f u l  t o  m y  c r e a t o r  f o r  g r a n t i n g  m e  t h e  a b i l i t y ,  
s t r e n g t h ,  a n d  c o n v i c t i o n  t o  p u r s u e  a n d  f u r t h e r  m y  s t u d i e s .  
I  t hank  my  supe rv i so r ,  P ro f  M.E  Pa rke r  f o r  h i s  gu idance  and  w i s dom 
th roughou t  my  pos t -g r adua t e  s t udy .  
 
I  t h ank  my  co l l e agues  f o r  t he i r  mo t iva t i on  and  con f idence  i n  me .  Dr  
Z  Yakoob ,  Dr  A  Ahmed -F o u z i  a n d  D r  M  B e d f o r d  –  t hank  you  f o r  a l l  
you r  a s s i s t ance  and  words  o f  w i sdom when  t he  obs t ac l e s  p r e sen t ed  
a long  t he  way .  
A  s p e c i a l  t h a n k  y o u  t o  t he  s t a f f  o f  t he  D epa r tm en t  o f  Ora l  and  
M a x i l l o - f ac i a l  Rad io logy ,  a t  bo th  Tyge rbe rg  and  Mi t che l l ’ s  P l a in  
campuses .  I  am  ve ry  g r a t e f u l  t o  Dr .  E .G . J .  Norva l  f o r  a f f o rd ing  me  
t ime  ou t  o f  h i s  busy  s chedu l e  t o  he lp  ana lyze  my  da t a .  Thank  you  t o  
M s  K . C r o m b i e  f o r  be l i ev ing  i n  me  and  mak ing  su r e  I  was  a lways  on  
t r a ck  w i th  t ime - l i ne s ;  Mrs  F  Moosa ,  Mrs  N .  Ma thee ,  Mrs  J .  Pa lmer ,  
M s  M .  A d a m ,  M r  W .  F r a n s m a n  a n d  M r  A .  A b r a h a m s  f o r  a l l  t h e  h e l p  
you  p rov ided  t o  me .  
Thank  you  t o  Mr .  I .  Camrood i en  f o r  t he  u se  o f  you r  p r emi se s  t ha t  
w a s  c o n d u c i v e  t o  e f f i c i e n t  w o r k i n g .   
 
 
 
 
 
ii 
 
 
D e d i c a t i o n  
 
Th i s  M.Sc .  i s  ded i ca t ed  t o  my  f ami ly :  my  w i f e  God i j ah ,  daugh t e r s  
Imaan ,  Nuhaa  and  Asmaa .  I  do  eve ry th ing  f o r  you .  Thank  you  f o r  
you r  unde r s t and ing  and  suppo r t  when  I  spen t  many  n igh t s  and  
w e e k e n d s  w i th  my  s tud i e s .  To  my  f a the r  and  mo the r  f o r  t he i r  
encou ragemen t ,  my  b ro the r  Eb rah im  and  s i s t e r s  So raya  and  Samee ra  
f o r  l i s t en ing  t o  my  compla in t s  and  o f f e r i ng  adv i ce  and  c l a r i t y .  
I  l ove  you  a l l .  
 
 
 
 
 
iii 
 
 
A b s t r a c t  
A i m :  
To  compare  o s seous  changes  i n  t he  mand ibu l a r  co ndy l e s  i n  pa t i en t s  
p r e sen t i ng  t o  t he  Ora l  Hea l t h  Cen t e r ,  Tyge rbu rg  Campus ,  w i th  and  
w i t h o u t  c l i c k i n g  o f  t h e  t e m p o r o m a n d i b u l a r  j o i n t .  
Background 
C l i ck ing  o f  t he  t emporomand ibu l a r  j o in t  (TMJ)  i s  no t  a  no rma l  
occu r r ence  i n  i t s  f o rm  o r  f unc t i on .  A  ch ron i c  c l i ck  may  l e ad  t o  t he  
deve lopmen t  o f  o s t eoa r th r i t i s .  A  c l i n i ca l  f i nd ing  o f  c l i ck ing  o f  t he  
j o in t  c an  r e f l e c t  o s s eo u s  ch an g es  o f  t h e  b o n y  s t r u c tu r e s  an d  f o r m  
pa r t  o f  t he  ea r l y  s i gns  o f  degene ra t i ve  j o in t  d i s ea ses .  These  o s seous  
changes  can  be  de t ec t ed  on  Cone  B eam Compu ted  Tomography  
(CBCT)  images .  The  pu rpose  o f  t h i s  s t udy  i s  t o  con f i rm  the  p r e sence  
o s seous  changes  o f  t he  j o in t  and  i n s t i t u t e  t he  ea r l y  managemen t  o f  
t he se  p a t i en t s .  Fa i l u r e  t o  i n t e rvene  i n  t he  ea r l y  s t age s  cou ld  r e su l t  
i n  d i s ea se  p rog re s s ion  t o  p os s ib l e  o s t eoa r th r i t i s .  CBCT imag ing  w i l l  
be  used to assess osseous changes in the temporomandibular joints with 
reference to erosions, flattening, lipping, sclerosis and osteophyte 
formation. 
Materials and methods: 
25 patient records were selected for a control group and 25 patients that 
attended the Oral Health center were screened for asymptomatic clicking 
of the temporomandibular joints. Osseous changes of the 100 condyles 
were examined by the author and a senior member of the department. 
Changes were recorded when consensus was reached on the presence of 
any changes. Cone Beam Computed Tomography was used to assess the 
joints in both groups. 
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Results:  
Age and gender showed no statistical significance between the 2 groups. 
The proportion of ‘yes’ for the variables showed that sclerosis (right) was 
statistically significant when comparing case versus control groups (P = 
0.002). A chi-squared test applied to the data resulted in observed chi-square = 15.68, df 
= 1, p-value = 7.501e-05, (<0.0001) confirming that the discrimination is statistically 
significant. 
  
Conclusion: 
Osseous changes were found in both the control and case group. The case 
group exhibited equal or greater prevalence of osseous changes. Patients 
with asymptomatic click of the temporomandibular joints demonstrate 
osseous changes. 
 
K e y  w o r d s :  osseous  changes ,  t emporomand ibu l a r  j o in t ,  
t emporomand ibu l a r  d i s o r d e r s ,  T M D ,  C B C T  a n d  TMJ .   
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Chapter one 
 
Introduction 
There  i s  a  m i sconce p t i on  by  pa t i en t s  and  p r ac t i t i one r s  t ha t  a  
c l i ck ing  sound  o f  t he  t emporomand ibu l a r  j o in t  (TMJ)  on  open ing  
and /o r  c l o s ing  does  no t  wa r r an t  t r e a tmen t  un l e s s  i t  c ause s  pa in .  A  
c l i ck  i s  a  c l i n i ca l  man i f e s t a t i on  o f  d i so rde r s  o f  t he  TMJ  ca l l ed  
i n t e rna l  de r angemen t  –  w h i c h  r e l a t e  t o  a n  a b n o r m a l  p o s i t i o n a l  
r e l a t i onsh ip  be tween  t he  mand ibu l a r  condy l e ,  t he  a r t i cu l a r  eminence  
and  t he  a r t i cu l a r  d i s c  t ha t  s epa ra t e s  t hem.  The  impor t an t  
cons ide r a t i on  i s  t ha t  ch ron i c  de r angemen t  o f  t he  d i s c  f r equen t l y  
r e su l t s  i n  o s t e o a r t h r i t i s  ( B a r g h a n  e t  a l .  2012 ) .  
A  c l i c k  c a n  p r e s e n t  a t  a l m o s t  a n y  s t a g e s  o f  t h e  n o r m a l  mo t ion  and  
f unc t i on  o f  t he  TM J  and  can  va ry  i n  aud ib i l i t y  and  s eve r i t y .  The  
r e su l t an t  de r angemen t  c an  d i sp l ace  t he  a r t i cu l a r  d i s c  i n  an  an t e r i o r ,  
pos t e r i o r ,  med i a l  o r  l a t e r a l  d i r ec t i on .  The  f o r ce  o f  t he  r educ t i on  o f  
t he  d i s c ,  when  p r e sen t ,  c an  cause  a  compe nsa to ry  o r  abno rma l  
r e sponse  o f  t he  o s seous  s t r uc tu r e s  o f  t he  TMJ .  These  s t r uc tu r a l  
changes  o f  t he  o s seous  componen t s  c an  be  examined  w i th  
r ad iog raph i c  imag ing  and  t oge the r  w i th  t he  c l i n i ca l  f i nd ings ,  
con f i rm  d i s ea se  p rog re s s ion .       
Imag ing  p rocedu re s  t ha t  a r e  u sed  t o  eva lua t e  t he  TMJ  inc lude  t he  
pano ramic  r ad iog raph ,  t omography ,  conven t i ona l  compu ted  
t omography  (CT) ,  CBCT,  and  magne t i c  r e sonance  imag ing  (MRI ) .  
The  pos s ib i l i t y  ex i s t s  t ha t  a  d i so rde r  o f  t he  TMJ ,  wh ich  i s  a  ch ron i c  
p roce s s ,  c an  r e su l t  i n  d i s e a s e  p r o g r e s s i o n  i f  l e f t  u n t r e a t e d .  T h e  
impor t ance  o f  d i agnos ing  t he  ea r l y  s t age s  o f  de r angemen t  and  
t r e a t i ng  t he  s i gns  and  symp toms  cou ld  p r even t  o r  r educe  t he  chances  
o f  degene ra t i ve  j o in t  d i s ea se s ,  l i ke  o s t eoa r th r i t i s ,  l a t e r  i n  l i f e .    
Th i s  s t udy  s e rve d  t o  a s ce r t a i n  t he  impor t ance  o f  u s ing  t he  
app rop r i a t e  imag ing  moda l i t y  t o  de t ec t  any  o s seous  changes  on  t he  
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TMJ  and  gu ide  t he  i n i t i a t i on  o f  t r e a tmen t .  The  p r e sence  o f  e ro s ions ,  
s c l e r o s i s  l i pp ing ,  o s t eophy t e s  and  f l a t t en ing  o f  t he  condy l e  a r e  
i nd i ca t i ve  o f  an  ac t i ve  degene ra t i ve  p roce s s  and  managemen t  t he r eo f  
may  l im i t  d i s ea se  p rog re s s ion .  
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C h a p t e r  2  
L i t era ture  Rev i ew  
2 .a  Temporomandibu lar  D i s o r d e r s  
Temporomand ibu l a r  d i so rde r s  (TMD)  a r e  r ega rded  a s  t he  mos t  
common  cause  o f  non -den t a l  pa in  a f f ec t i ng  t he  head  and  neck  r eg ion  
(Ba rghan  e t  a l .  2012 ) .  The  c l i n i ca l  p i c tu r e  i nc ludes  pa in  i nvo lv ing  
t he  musc l e s  o f  mas t i c a t i on ,  headache ,  e a r ache ,  c l i ck ing ,  l im i t ed  
open ing  o f  t he  mand ib l e  o r  dev i a t i on  on  open ing  and  l ock ing  o f  t he  
j aw .  Th e  d i ag n o s i s  o f  TM D  i s  c o n s i d e r e d  d i f f i c u l t  d u e  t h e  c o m p l e x  
ae t i opa thogenes i s ,  mak ing  a  s t anda rd i zed  d i agnos i s  and  t r e a tmen t  
p ro toco l  ha rd  t o  f o l l ow  (Ba rghan  e t  a l .  2012 ) .    
Ep idemio log i ca l  s t ud i e s  show a  f ema le  p r edominance  f o r  TMD and  
onse t  o f  t he  d i s ea se  f rom a s  e a r l y  a s  t h e  s e c o n d  d e c a d e ,  w i t h  a  m e a n  
onse t  be tween  35  and  45  yea r s  o ld  (Manf r ed in i  e t  a l .  2011 ) .   
The  c l i n i ca l  examina t i on  o f  t he  TMD pa t i en t  i s  v i t a l  and  i n  many  
ca se s  i n su f f i c i en t l y  c a r r i ed  ou t ,  a s  f u l l  a s s e s smen t  mus t  i nc lude  t he  
o s seous  s t r uc tu r e s  a s  we l l  a s  so f t  t i s sue  componen t s  (musc l e  and  
d i s c ) .  Th i s  c an  on ly  be  ach i eved  by  r ad iog raph i c  imag ing ,  a s  t he  
f ocus  i s  on  eva lua t i ng  t he  co r t i c a l  and  t r abecu l a r  a r ch i t e c tu r e ,  
con f i rming  t he i r  i n t eg r i t y ,  mon i to r  p rog re s s ion  o f  t he  o s seous  
changes ,  and  f i na l l y  t o  e va lua t e  a  r e sponse  t o  t r e a tmen t  (Ba rghan  e t  
a l .  2012 ) .  
Wiese  e t  a l  ( 2011 )  conduc t ed  a  s t udy  t o  a s s e s s  t he  changes  i n  
d i agnos i s  and  managemen t  o f  TMD pa t i en t s  a f t e r  r ad iog raph i c  
examina t i on .  They  r epo r t ed  a  27  pe r cen t  ( c i t ed  s im i l a r  s t ud i e s  up  t o  
40% change )  a l t e r a t i on  i n  t he  managemen t  o f  t he se  pa t i en t s  who  
i n i t i a l l y  on ly  unde rwen t  c l i n i ca l  examina t i on .  
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V a r i o u s  i m a g i n g  t e c h n i q u e s  a r e  c u r r e n t l y  a v a i l a b l e  t ha t  may  be  u sed  
t o  eva lua t e  r emode l i ng  o f  t he  TMJ ,  o s t eoa r th r i t i s ,  i n f l ammato ry  
a r t h r i t i s ,  s ynov i a l  chon d roma tos i s ,  i n t e rna l  de r angemen t  o f  t he  
a r t i cu l a r  d i s c ,  t r auma ,  anky lo s i s ,  deve lopmen ta l  abno rma l i t i e s  o f  
t he  TMJ ,  co rono id  hype rp l a s i a ,  and  neop l a sms .  (Ba rghan  e t  a l .  
2012 ) .  
2 .b  R a d i o g r a p h i c  i m a g i n g  t e c h n i q u e s  t o  a s s e s s  t h e  T M J  
A  v a r i e t y  o f  i m a g e  m o d a l i t i e s  have  been  u sed  t o  s t udy  t he  TMJ .  
These  i nc lude  pano ramic  r ad iog raphy ,  p l a in  r ad iog raphy ,  magne t i c  
r e sonance  imag ing  (MRI ) ,  compu ted  t omography  ( conven t i ona l  and  
compu ted ) ,  cone  beam compu ted  t omography ,  a r t h rog raphy  
(Pe t e r s son .  2010 )  and  r ecen t l y  a l so  u l t r a sonog raphy .  (Manf r ed in i  e t  
a l .  2011 ) .  
 
i .  Panoramic  rad iography  and  as se s sment  o f  the  TMJ  
P a n o r a m i c  r a d i o g r a p h s  may  be  u se f u l  t o  eva lua t e  g ro s s  ana tomy  o r  
pa tho logy  e spec i a l l y  l a t e  i n  t he  p rog re s s ion  o f  t he  d i s ea se .  Ea r ly  
changes  a r e  no t  c l e a r l y  v i s i b l e  on  pano ramic  r ad iog raphs  and  
a l t hough  i nexpens ive ,  does  no t  show the  en t i r e  a r t i cu l a r  su r f ace ,  
may  s h o w  s o m e  d i s t o r t i o n  a n d  i s  l i m i t e d  b y  s u p e r i m p o s i t i o n  o f  t h e  
zygoma t i c  a r ches .  H in t ze  e t  a l ( 2009 )  a l so  h igh l i gh t ed  t he  f l aws  o f  
t he  pano ramic  r ad iog raphy  i n  t e rms  o f  d i s t o r t i on  and  ana tomica l  
ove r l ap .  They  no t ed  t ha t  t he  shape  o f  t he  condy l e s  va r i ed  on  
r ad iog raphs  u s ing  d i f f e r en t  un i t s  c aus ing  i naccu ra t e  d i agnose s .   
M a w a n i  e t  a l  ( 2005 )  s t u d i e d  c o n d y l a r  s h a p e  u s ing  pano ramic  
r ad iog raphy  un i t s  and  conven t i ona l  t omography .  Th ey  no t ed  t ha t  
pano ramic  v i ews  gave  an  ob l i que  s ec t i on  o f  t he  condy l e ,  w i t h  t h e  
r e su l t  t ha t  t he  med i a l  po l e  i s  some t imes  supe r imposed  ove r  t he  
cen t e r  o f  t he  condy l e ,  l e av ing  a  v i ew  o f  t he  l a t e r a l  po l e  t ha t  appea r s  
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a s  med i a l .  Some  os seous  cha nges  a f f ec t i ng  t he  med i a l  po l e  a r e  
m i s sed  i n  t he se  v i ews .  Th i s  va r i a t i on  caused  t he  expe r t s  t o  
r e commend  t ha t  pano ramic  r ad iog raphs  no t  be  t he  so l e  image  u sed  
i n  d i agnos i s  (H in t ze  e t  a l .  2009 ) .  
 
i i .  P la in  rad iography  and  as se s sment  o f  the  TMJ  
The  t r ansc r an i a l  TMJ  p ro j ec t i on ,  u sed  t o  v i ew  the  j o in t ,  h a s  become  
l e s s  popu l a r  due  t o  t he  supe r impos i t i on  o f  ad j acen t  s t r uc tu r e s .  
P r e v i o us l y  i t  w a s  t h e  p r e f e r r e d  i m a g e  o f  cho i ce  i n  ad j unc t  t o  t he  
pano ramic  r ad iog raphs  because  i t  l a cked  t he  d i s t o r t i on  and  s h o w e d  
ana tomica l  a ccu racy .  The  va r i a t i on  i n  a ccu racy  be tween  pano ramic  
r ad iog raphs  and  TMJ  tomograms  f avo red  t he  TMJ  v i ew  bu t  cou ld  no t  
be  va l i da t ed .  The re f o r e  t he  TMJ  v i ew  lo s t  f avo rab i l i t y  due  t o  t he  
h igh  r e sou rce s  i t  n eeded ,  i n  compa r i son  t o  pano ramic  r ad iog raphs  
(H in t ze  e t  a l .  2009 ) .  
 
i i i .  Tomography  and  the  a s se s sment  o f  the  TMJ  
Linea r  o r  complex  mo t ion  t omography  became  popu l a r  i n  
ove rcoming  d i s t o r t i on  and  supe r impos i t i on ,  bu t  t he se  
unde re s t ima t ed  sma l l  bone  abno rma l i t i e s ,  and  l im i t ed  t he  d i agnos t i c  
a ccu racy .  C T  p rov ide s  exce l l en t  imag ing  o f  t he  o s seous  s t r uc tu r e s  
and  shows  changes  such  a s  e ro s ions ,  o s t eophy t e s ,  d i s l oca t i ons ,  
f r a c tu r e s ,  anky lo s i s  and  o the r  abno rma l i t i e s  (Ba rghan  e t  a l .  2012 ) .  
The  l im i t i ng  f ac to r  i n  i t s  u se  i s  t he  h igh  r ad i a t i on  dose ,  h igh  cos t   
and  l im i t ed  ava i l ab i l i t y .    
i v .  Magne t i c  Resonance  Imag ing  (MRI)  and  the  a s se s sment  o f  the  
TMJ 
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M R I  p r o d u c e s  i m a g e s  c o n s i s t i n g  o f  t h i n  s l i c e s  o f  t i s s u e  i n  t h e  
va r i ous  p l anes  i nc lud ing  ob l i que  ang l e s  and  t hose  f ound  w i th  CT .  I t  
w a s  i n i t i a l l y  u s e d  t o  s t u d y  t he  b r a in  and  l a t e r  adap t ed  i n to  den t i s t r y  
t o  s t udy  pa tho logy  i nc lud ing  t umour s  and  t he  TMJ .  MRI  i s  
t r ad i t i ona l l y  u sed  t o  obse rve  t he  so f t  t i s sue  componen t s  o f  t he  TMJ  
(Ba rghan  e t  a l .  2012 ) .   
v .  C o n e  B e a m  C o m p u t e d  T o m o g r a p h y  ( C B C T )  a n d  t h e  a s s e s s m e n t  
o f  the  TMJ 
The  i n t roduc t i on  o f  CBCT and  i t s  ava i l ab i l i t y  i n  mos t  hosp i t a l s ,  a s  
w e l l  a s  i n  d e n t a l  s c h o o l s  a n d  s o m e  p r i v a t e  p r a c t i c e s  h e l p s  o v e r c o m e  
p r ev ious  l im i t a t i ons ,  i nc lud ing  t he  h igh  cos t  and  h igh  r ad i a t i on  
dosage  o f  conven t i ona l  CT .  Add i t i ona l  advan t ages  i nc lude  a  h igh  
s p a t i a l  r e s o l u t i o n  d u e  t o  t h e  m i n u t e  v o x e l s  u s e d  i n  C B C T .  V o x e l s  
a r e  l i ke  p ixe l s  and  t he  sma l l e r  and  more  numerous  t hey  a r e ,  t he  
g r ea t e r  t he  de t a i l  and  de f i n i t i on  o f  t he  images .  (Ba rghan  e t  a l .  
2012 ) .   
2.c Comparison of the Different Views 
The  d i f f e r en t  moda l i t i e s  have  had  t he i r  p l ace  i n  t he  h i s t o ry  o f  
d i agnos ing  and  mon i to r i ng  t r e a tmen t  o f  TMD.  Recen t  advancemen t s  
i n  r e s ea r ch  su r round ing  CBCT h igh l i gh t  t he  supe r io r i t y  and  
advan t ages  a s  a  moda l i t y  o f  cho i ce  i n  many  a spec t s  o f  den t i s t r y  
i nc lud in g  TMJ  eva lua t i on .  
P r i o r  t o  c l i n i c a l  s t u d i e s ,  r e s e a r c h e r s  m a d e  u s e  o f  d r y  s p e c i m e n s  
f rom human  and  an ima l  c adave r s .  I n  one  s t udy  by  A lkhade r  e t  a l  
( 2010 )  t hey  d i s cus sed  t he  ro l e  o f  CBCT a s  t he  new  moda l i t y  o f  
cho i ce  f o r  de t ec t i ng  o s seous  changes  o f  t he  TMJ .  They  concu r r ed  
w i t h  s t u d i e s  d o n e  o n  d r y  m a n d i b l e s  t h a t  s h o w e d  h i g h  r e l i a b i l i t y  a n d  
s u p r e m e  a c c u r a c y .  T h e r e  w e r e  s i m i l a r  s t u d i e s  d o n e  o n  c a m e l  c a d a v e r  
j aw s  t o  d emo n s t r a t e  t h e  v a lu e  o f  co mp u ted  t o mo g r ap h y  t o  s t u d y  t h e  
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bony  componen t s  o f  t he  TMJ  wi th  r ega rds  t o  a ccu racy  o f  f o rm  and  
l i nea r  measu remen t s  o f  t he  bony  s t r uc tu r e s  (Arenc ib i a  e t  a l .  2012 ) .  
M i r a c l e  a n d  M u k h e r j i  ( 2 0 0 9 )  r e p o r t e d  o n  s i m i l a r  s t u d i e s  u s i n g  
CBCT on  cadave r s  f o r  t he  eva lua t i on  o f  TMD w i t h  r e g a r d s  t o  bony  
de f ec t s ,  s c l e ro t i c  changes ,  o s t eophy te s  and  f l a t t en ings .  They  
h igh l i gh t ed  t he  need  f o r  more  s t ud i e s  u s ing  CBCT and  concu r r ed  
w i t h  o t h e r  s t u d i e s  t h a t  s u g g e s t e d  C B C T  a s  t h e  m e t h o d  o f  c h o i c e  f o r  
pe r i au r i cu l a r  e ro s ions  and  o s t eophy t e s  (Mi rac l e  and  Mukhe r j i  2009 ) .  
V a l l a d a r e s  N e t o  e t  a l . ( 2010 )  conduc t ed  a  s t udy  measu r ing  t he  
condy l a r  d imens ions  f rom age  3  t o  20 .  They  f ound  CBCT to  be  an  
accu ra t e  t e chn ique  t o  measu re  condy l a r  d imens ions  and  t o  de t ec t  
any  morpho log i ca l  changes  t ha t  occu r r ed  du r ing  g rowth .  Th i s  s t udy  
con f i rmed  f i nd ings  o f  s t ud i e s  done  on  cadave r s  (Va l l ada r e s  Ne to  e t  
a l .  2010 ) .  
The re  a r e  l im i t ed  s t ud i e s  on  t he  a s se s smen t  o f  o s seous  changes  i n  
t he  TMJ  and  mos t  compare  va r i ous  imag ing  moda l i t i e s .  Muppa rapu  
e t  a l  ( 2011 )  eva lua t ed  morpho log i ca l  changes  i n  t he  TMJ  us ing  
s u b m e n t o v e r t e x  a n d  c o mplex  mo t ion  t omography ,  p r i o r  t o  
o r t hodon t i c  t r e a tmen t .  They  s t ud i ed  t he  j o in t s  o f  57  pa t i en t s  some  
w i t h  a n d  s o m e  w i t h o u t  a n y  s i g n s  a n d  s y m p t o m s  o f  T M D .  T h e  a g e  
r ange  o f  t he i r  pa t i en t s  ex t ended  f rom 16  t o  77 .  The  r e su l t s  o f  t he i r  
s t u d y  s h o w e d  t h a t  5 3 %  o f  the  pa t i en t s  had  ha rd  t i s sue  s t r uc tu r a l  
abno rma l i t i e s  t ha t  showed  d i s ea se  p rog re s s ion .  They  r ecommended  
t r e a tmen t  o f  d i s c  d i sp l acemen t  t o  r epos i t i on  t he  d i s c  p r i o r  t o  
o r t hodon t i c  t r e a tmen t .  Th i s  i n t e r cep t i ve  t r e a tmen t  was  impor t an t  
because  t hey  f ound  s i gn i f i c an t  changes  i n  c epha lome t r i c  ana ly s i s  
w i t h  d i s c  d i s p l a c e m e n t s ,  w h i c h  c o u l d  a d v e r s e l y  a f f e c t  t h e  o v e r a l l  
o r t hodon t i c  managemen t  (Muppa rapu  e t  a l .  2011 ) .  
M u p p a r a p u  e t  a l .  ( 2011 )  a l so  s u g g e s t e d  t h a t  u s i n g  C B C T  i ns t e a d  o f  
s u b m e n t o v e r t e x  a n d  c o m p l e x  m o t i o n  t omography ,  cou ld  p rov ide  
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s i g n i f i c a n t  r e su l t s  t ha t  wou ld  a id  i n  t he  managemen t  o f  pa t i en t s  
w i t h  T M D  p r i o r  t o  o r t h o d o n t i c  t r e a t m e n t .  O f  s i g n i f i c a n c e  w a s  t h e  
age  r ange  o f  t he i r  pa t i en t s  ( 16 -77 )  i n  t he i r  s t udy  and  t he  a l a rming  
a spec t  t ha t  t he  pa t i en t s  we re  s c r e ened  p r eope ra t i ve ly  and  no t  
p r i o r i t i z ed  a s  hav ing  TMD symptoms .  Th i s  cou ld  unde r l i ne  t he  need  
f o r  i nco rpo ra t i ng  a  t ho rough  TM J  examina t i on  f o r  TM D  acco rd ing  t o  
Resea r ch  D iagnos t i c  C r i t e r i a  f o r  Temporomand ibu l a r  d i so rde r  
(RDC/TMD)  gu ide l i ne s  and  i f  need  be ,  t he  f u r t he r  examina t i on  t o  
con f i rm  symptoms  and  gu ide  t r e a tmen t .    
A l k h a d e r  e t  a l .  ( 2010 )  l ooked  a t  t he  d i agnos t i c  pe r f o rmance  o f  MRI  
f o r  de t ec t i ng  o s s eous  abno rma l i t i e s  o f  t he  TM J  and  i t s  co r r e l a t i on  
w i t h  C B C T .  T h e y  u s e d  C B C T  a s  t h e  r e f e r e n c e  s t a n d a r d  a nd  
eva lua t ed  55  pa t i en t s  t ha t  p r e sen t ed  t o  t he i r  hosp i t a l  man i f e s t i ng  
w i t h  s i g n s  a n d  s y m p t o m s  o f  T M D  t h a t  u n d e r w e n t  b o t h  C B C T  a n d  
M R I  e x a m i n a t i o n .  T h e y  c o n c l u d e d  t h a t  M R I  w a s  t h e  m o s t  u s e f u l  
t e chn ique  i n  a s se s s ing  so f t  t i s sue  componen t s  o f  t he  TMJ  bu t  w a s  
ve ry  l im i t ed  i n  de t ec t i ng  o s seous  abno rma l i t i e s  whe rea s  CBCT was  
t he  mos t  r e l i ab l e  f o r  t he  eva lua t i on  o f  t he  o s seous  s t r uc tu r e s  
(A lkhade r  e t  a l .  2010 ) .  
Bo th  t he se  s t ud i e s  u sed  s i m i l a r  s a m p l e  s i z e s  o v e r  b r o a d  a g e  g r o u p s  
compar ing  d i f f e r en t  moda l i t i e s  t o  exam ine  t he  TMJ ,  and  t hey  bo th  
h igh l i gh t ed  t he  impor t ance  o f  e a r l y  de t ec t i on  o f  t he  d i s ea se .  
M u p p a r a p u  e t  a l .  ( 2011 )  adv i s e d  t he  need  t o  i n i t i a t e  t r e a tmen t  o f  t he  
TMD as  a  p r i o r i t y  s t ep  be f o r e  t he  commencemen t  o f  o r t hodon t i c  
w o r k .  B o t h  s t u d i e s  r e commended  t he  u se  o f  CBCT to  a s se s s  o s seous  
componen t s  o f  t he  TMJ .  
I n  a  s t udy  ca r r i ed  ou t  by  Manf r ed in i  e t  a l .  ( 2011 ) ,  t hey  
acknowledge d  t he  popu l a r  u se  o f  MRI  f o r  eva lua t i on  o f  so f t  t i s sue  
changes  and  t he  u se  o f  CBCT a s  a  va l i d  a l t e rna t i ve  t o  CT  in  
eva lua t i ng  ha rd  t i s s ue  changes .  A  r ecen t  i n t roduc t i on  i n  TMD 
l i t e r a tu r e  was  made  by  Manf r ed in i  e t  a l  ( 2011 )  r ega rd ing  t he  u se  o f  
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u l t r a sonog raphy .  They  a l so  h igh l i gh t ed  t he  need  f o r  TMD expe r t s  t o  
w o r k  w i t h  m e d i c a l  l e g a l  e x p e r t s  i n  c a s e s  o f  d e n t a l  m a l p r a c t i c e  
(Manf r ed in i  e t  a l .  2011 ) .  
I n  a  r ev i ew  by  R ibe i ro -Ro t t a  e t  a l .  ( 2011 ) ,  t hey  add re s sed  t he  
ques t i on  o f  whe the r  CT  and  MRI  w o u l d  b e  v a l u a b l e  i n  t r e a tmen t  
p l ann ing  o f  TMJ  d i so rde r s .  They  men t ioned  257  pub l i c a t i ons  and  
f ound  on ly  one  t ha t  me t  t he i r  i nc lu s ion  c r i t e r i a .  The  s t udy  w a s  a  
s y s t e m a t i c  r e v i e w  e v a l u a t i n g  t h e  e f f i c a c y  o f  M R I  i n  d i a g n o s i n g  TMJ  
changes  such  a s :  d i s c  pos i t i on  and  con f igu ra t i on ,  pe r f o r a t i on ,  j o in t  
e f f u s ion ,  o s seous  changes  and  bone  mar row  changes .  The  r ema in ing  
s t u d i e s  d i d  n o t  p r o v e  t o  b e  o f  t h e r a p e u t i c  va lue  and  t r e a tmen t  
p l ann ing  a s  mos t  d id  no t  d r aw  any  conc lu s ions  t ha t  MRI  
examina t i on  wou ld  r e su l t  i n  a  be t t e r  t r e a tm en t  ou t come  (R ibe i ro -
Ro t t a  e t  a l .  2011 ) .      
The  va r i ous  s t ud i e s  r ega rd ing  t he  e f f i c acy  o f  MRI  con f i rms  i t s  va lue  
i n  eva lua t i ng  so f t  t i s sue  com ponen t s  i n  t he  TMJ  a s  we l l  a s  o the r  
pa r t s  o f  t he  body .   Pe t e r s son  (2010 )  d i s ag reed  and  deduced  i n  h i s  
s t u d y  t h a t  t h e r e  a r e  i n s u f f i c i e n t  s t u d i e s  t o  c o n f i r m  t h e  e f f i c a c y  o f  
u s ing  MRI  t o  d i agnose  d i s c  d i sp l acemen t .  I t  was  a l so  conc luded  t ha t  
t he  l i t e r a tu r e  p r ov ide s  no  conc lu s ive  ev idence  w h e t h e r  t o  emp loy  
M R I  a n d  s u g g e s t e d  t h e  n e e d  f o r  m o r e  s t u d i e s  o n  t h e  d i a g n o s t i c  
e f f i c acy  o f  MRI .  
P e t e r s s o n  (2010 )  no t ed  t he  advan t ages  o f  CBCT compared  t o  
conven t i ona l  CT  a s  be ing  s im i l a r  i n  t he i r  d i agnos t i c  c apab i l i t i e s .  He  
a l so  r epo r t ed  on  t he  l a ck  o f  conc lu s ive  s t ud i e s  compar ing  CBCT to  
o the r  image  moda l i t i e s  f o r  d i agnos t i c  c apab i l i t i e s .   
I n  a  s t u d y  u n d e r t a k e n  t o  d e t e r m i n e  t h e  u s e f u l n e s s  o f  C B C T a s  
compared  t o  a  mu l t i de t ec to r  CT ,  i t  was  conc luded  t ha t  more  s t ud i e s  
w e r e  n e e d ed  f o r  CBCT a s se s smen t  o f  t he  TMJ  (Ahmad  e t  a l .  2009 ) .  
Ea r ly  s t ud i e s  l i ke  Hussa in  e t  a l  ( 2008 )  d i s cus sed  t he  ro l e  o f  va r i ous  
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moda l i t i e s  i n  a s s e s s ing  TMJ  e ro s ions  and  o s t eophy t e s  and  sugges t ed  
t he  u se  o f  CBCT a s  a  co s t  e f f ec t i ve  and  dose  e f f ec t i ve  a l t e rna t i v e  t o  
conven t i ona l  CT .   
The re  i s  an  obv ious  l a ck  o f  s t ud i e s  compar ing  CBCT to  o the r  
r e f e r ence  s t anda rd  p rocedu re s  and  mos t  r ad io log i s t s  a cknowledge  
t he  advan t ages  o f  CBCT.  Howeve r ,  t he se  s t ud i e s  a r e  a l l  r e s ea r ch  
ba sed  and  ve ry  f ew  s tud i e s  a r e  c l i n i ca l .  The  impor t an t  dec id ing  
f ac to r  w hen  dea l i ng  w i th  a  c l i n i ca l  s i t ua t i on  i s  a  combina t i on  o f  t he  
be s t  ava i l ab l e  op t i ons  f o r  t he  pa t i en t  t ha t  i s  m in ima l ly  i nvas ive ,  
co s t  e f f ec t i ve  and  p rov ide s  t he  be s t  e f f i c acy  and  t r e a tmen t  ou t come .  
The  l a ck  o f  i n t e rna t i ona l  s t and a rd i zed  t r e a tmen t  moda l i t i e s  w i l l  
a lways  i n f l uence  TMD imag ing  p r i o r ,  du r ing  and  pos t  t r e a tmen t  and  
w i l l  a l w a y s  b e  d e p e n d e n t  o n  s o u n d  r e s e a r c h  a n d  b r i d g i n g  t h e  g a p  
be tween  t he  r e sea r ch  and  c l i n i ca l  wor ld s .  
 
2 .d  Ossoeus  Changes  o f  the  Condy le  
I n  a  r e t r o spec t i ve  s t udy  o f  220  pa t i e n t s  eva lua t i ng  CBCT da t a ,  Nah  
(2012 )  s t ud i ed  t he  i nc idence  o f  o s seous  changes  on  t he  condy l e s .  He  
no t ed  t ha t  some  changes  w e re  on ly  obse rved  i n  c e r t a i n  p l a in s  o f  
v i ew  and  t he r e f o r e  a  comprehens ive  examina t i on  o f  t he  da t a  shou ld  
i nc lude  a l l  3  p l a in s  o f  v i ew .  He  conc luded  t ha t  t he  i nc r ea s ing  u se  o f  
CBCT r equ i r e s  more  spec i f i c  o r  de t a i l ed  gu ide l i ne s  f o r  eva lua t i ng  
o s t eoa r th r i t i s .  
T su ru t a  e t  a l  ( 2004 )  i nves t i ga t ed  26  sub j ec t s  t ha t  p r e sen t ed  f o r  
o r t hodon t i c  t r e a tmen t  and  w h o  s h o w e d  c l i c k i ng  o f  t he  TMJ  wi th  no  
pa in .  They  u sed  CBCT and  r econs t ruc t ed  ana ly s i s  showed  no  
ev idence  o f  s c l e ro s i s  and  cys t  f o rma t ion .  They  on ly  eva lua t ed  f o r  
f l a t t en ing  (dev i a t i on  f rom convex  rounded  f o rm) ,  o s t eophy t e s  
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(ma rg ina l  bone  ou tg rowth ) ,  and  no  changes .  They  h i gh l i gh t ed  t he  
r e l i ab i l i t y  o f  CBCT to  measu re  t he se  changes .  
 
Bade l  e t  a l  ( 2009 )  s t ud i ed  t he  r ad io log i ca l  cha r ac t e r i s t i c s  o f  
o s t eoa r th r i t i s  i n  TMJ’ s  w i thou t  any  d i s c  d i sp l acemen t .  They  
compared  16  pa t i en t s  t ha t  we re  d i agnosed  w i th  o s t eoa r th r i t i s  and  20  
den t a l  s t uden t s  w i thou t  any  s i gns  o r  h i s t o ry  o f  TMD.  They  f ound  
s c l e r o s i s  a n d  o s t e o p h y t e  f o r m a t i o n  w e r e  t h e  m o s t  c o m m o n  f i n d i n g s  
i n  pa t i en t s  w i th  o s t eoa r th r i t i s .  They  f ound  no  s t a t i s t i c a l  d i f f e r ence  
be tween  degene ra t i ve  changes  o f  t he  condy l e s  o f  TMJ’ s  w i th  and  
w i t h o u t  c l i n i c a l  s i g n s  o f  o s t e o a r t h r i t i s .  
I n  t h i s  s t udy ,  o s seous  changes  w i l l  be  d i agnosed  acco rd ing  t o  t he  
image  ana ly s i s  c r i t e r i a  ( l i s t ed  be low)  f o r  pano ramic  r ad iog ra phs ,  
CT ,  and  MRI  s e t  ou t  by  Ahmad  e t  a l  ( 2009 ) .   
A .  N o  o s t e o a r t h r i t i s  
 i .  N o rma l  r e l a t i ve  s i z e  o f  condy l a r  head ,  
 i i .  N o  s c l e ro s i s  o r  a r t i cu l a r  su r f ace  f l a t t en ing ,  
i i i .  N o  de f o rma t ion  due  t o  subco r t i c a l  cy s t ,  s u r f a c e  e r o s i o n ,  
o s t eophy t e ,  o r  gene ra l i z ed  s c l e ro s i s .  
B .  I nde t e rmina t e  f o r  o s t eoa r th r i t i s  
 i .  N o rma l  r e l a t i ve  s i z e  o f  t he  condy l a r  head ,  
i i .  S ubco r t i c a l  s c l e ro s i s  w i th  o r  w i thou t  a r t i cu l a r  s u r f a c e  
f l a t t en ing ,  
 i i i .  A r t i cu l a r  su r f ace  f l a t t en ing  w i th  o r  w i thou t  subco r t i c a l   
      s c l e r o s i s ,  
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i v .  N o  d e f o r m a t i o n  d u e  t o  s u b c o r t i c a l  c y s t ,  s u r f a c e  e r o s i o n ,  
o s t eophy t e ,  o r  gene ra l i z ed  s c l e ro s i s  
C .  Os t eoa r th r i t i s  
 i .  D e f o rma t ion  due  t o  subco r t i c a l  cy s t ,  s u r f ace  e ro s ion ,       
    o s t eophy t e ,  o r  gene ra l i z ed  s c l e ro s i s  
 
 
2 . e  S u m m a r y  o f  the  l i t e ra ture  
I t  h a s  now become  wide ly  accep t ed  t ha t  t he  moda l i t y  o f  cho i ce  f o r  
t he  a s se s smen t  o f  o s seous  changes  i n  t he  TMJ  i s  CBCT.  Osseous  
changes  t ha t  w i l l  be  cons ide r ed  f o r  t h i s  s t udy  i nc lude  s c l e ro s i s  o f  
t he  co r t i c a l  bone  su r f ace s ,  f l a t t en ing  o f  t he  condy l e s  and  e ro s ions  o f  
t he  condy l e s .  These  o s seous  changes  imp ly  t he  pos s ib l e  e a r l y  s i gns  
t ha t  one  migh t  be  ab l e  t o  de t ec t  i n  CBCT images  (A lkhade r  e t  a l .  
2010 ) .  I n  add i t i on ,  o s seous  changes  o f  l i pp ing  and  o s t eophy t e  
f o rma t ion  w e re  a l s o  r eco rded .  
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Chapter 3 
3.a - Aim:  
We compared osseous changes in the mandibular condyles in patients 
presenting to the Oral Health Center, Tygerburg Campus, with and 
without clicking of the temporomandibular joint. 
3.b - Null Hypothesis:  
No osseous changes occur on the condyles of patients reporting a clicking 
of the temporomandibular joint(s).  
3.c - Objectives:  
1. to assess early osseous changes of the condyles using cone beam 
computed tomography (CBCT), with respect to erosions, flattening, 
lipping, sclerosis and osteophyte formation of the condyles.  
2.  compare these features across case and control groups  
3.d - Materials and methods: 
i .  Study design:  
The study design was a case - control study.  
i i .  Sampling: 
Inclusion criteria:  
Case group 
1. Patient had to exhibit a click of the temporomandibular joint.  
2. Patients in the age group between 20 and 55 were considered for the 
study. 
3. Patients had to have a minimum of 24 teeth. 
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Control group 
1.  Patients must have minimum of 24 teeth. Missing anterior teeth that 
are being replaced by implant prosthesis were considered.  
 
Exclusion criteria:  
1. Pregnant women were excluded. 
2. Patients with previous diagnosed TMD were excluded. 
3.  Patients that presented with acute trauma to the head/neck region.  
i i i .  Sampling process: 
Source of case group (group A):  
The source of the group A was patients that attended the oral health 
center, Tygerburg campus for treatment. Patients undergoing a screening 
or examination procedure when attending for any treatment in the sifting 
department that presented with clicking of the temporomandibular joints 
was selected for inclusion. These patients were informed about the study 
and if willing, asked to provide consent for taking part in the study. 25 
patients that presented with clicking of the temporomandibular joint were 
considered for the study after an additional examination by the researcher.  
Additional routine radiographs will be performed for the priority 
treatment that the patient (group A) is attending for on the day.  
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Source of control group (group B)  
The actual records of all  CBCT cases were examined for patients that 
presented for treatment other than TMD.  25 patients were drawn from the 
records and analyzed. An attempt was made to match the ages to that of 
the case group as close as possible.  
The patients from group B were contacted telephonically to be informed 
of the study. They were asked if any clicking noise was heard during 
opening or closing of the mouth. 
I f  no  c l i ck ing  was  no t ed ,  pa t i en t s  we re  i n f o rmed  t ha t  t h i s  s t udy  
w o u l d  i nc lude  t he i r  r e co rds  t o  a s se s s  t he  TMJ  s t a tu s .  
iv. Ethics clearance:  
An application for ethical clearance was submitted to the University of 
the Western Cape ethics board (Project registration number – 12/10/58). 
Written informed consent was obtained from each patient in the case 
group. Anonymity was preserved at all  times as the data made use of an 
assigned patient number and no use of any name, folder number or any 
identification method that could link the records to the patient.  Only the 
researcher had a copy of the correlated patient identification, and 
assigned patient number, which was kept in a secure location.  
All patients had the right to withdraw from the study at any time and 
necessary information and risk was explained prior to commencement. 
The patients in the control group already had a CBCT exposure and were 
informed about study, the requested use of their records, and the 
anonymity of the study. They were given an option to refuse their records 
from being part of the study.  
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3.e. Data collection:  
Upon achieving consent via a consent form, patients were examined again 
to confirm an asymptomatic click of the temporomandibular joint.   
These patients (group A) were exposed to a low dose, high resolution cone 
beam computed tomography dose using a Newtom VGI CBCT machine. 
The field of view used was a minimal 7cm (height) by 12cm allowed for 
the Newtom CBCT machine that provides a view of the mandible, maxilla 
and the temporomandibular joints on both sides. The study reconstruction 
was modified in the NNT version 2.21 software program, to view the right 
and left temporomandibular joints on the axial,  frontal and sagital planes 
as well as oblique view. A 3-dimentional reconstruction of the condyles 
was made to examine the shape of both the right and left condyles. This 
provided a total of 100 joints that were examined.  
The author and a senior member of the Maxillofacial Radiology 
Department examined all reconstructions and consensus on diagnostic 
criteria was reached.  Osseous changes of the condyles that were recorded 
included:  erosions, flattening, lipping, sclerosis and osteophyte 
formation.  
3.f.  Data processing and analysis:  
The study volumes obtained from the CBCT imaging were reconstructed 
to provide axial,  coronal and sagittal views of the mandible, maxilla and 
temporomandibular joint.  Osseous changes were assessed for positive 
(yes) or negative (no) findings for flattening, erosions, lipping, sclerosis 
and osteophyte formation of the condyles. The patient’s gender and age 
was recorded to correlate age and sex with the findings. The author and a 
senior member of the Radiology Department examined the reconstructed 
images in batches of five to negate fatigue. Only findings that achieved 
consensus were reported on. Positive and negative findings were plotted 
on the Microsoft excel data collection table (appendix 4)  
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3.g. Statistical analysis  
Statistical analysis was done using R – Development Core Team (2012). 
R: A language of environment for statistical computing. R foundation for 
statistical computing, Viena, Austria.  ISBN 3-900051-07-0 
URL  -  HTTP://www.R-project.org/.   
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Chapter 4  
Results 
 
The proportions of ‘yes’ responses to the different variables: erosions r (right), erosions l 
(left), flattening r, flattening l, lipping r, lipping l, sclerosis r, sclerosis l, osteophyte r and 
osteophyte l were tabulated as prevalence’s (figure 1 - graph). P-values were obtained 
using chi-squared test applied to a cross tabulation for each variable by group. The mean 
age for the control group was 35.04 years and case group was 30.64 years. Both age and 
gender demonstrated no statistical significance in analysis. The prevalence of erosions r 
in the case group was 44% compared to 36% in the control group, erosions l showed 44% 
versus 32%, flattening r showed 48% compared to 40%, flattening l 72% compared to 
56%, lipping r showed 16% and equal 16% in control, lipping l showed 16% compared to 
4%, sclerosis r 72% compared to 24%, sclerosis l showed 52% compared to 48%, 
osteophyte r showed 4% compared to 0 in control and osteophyte l showed 8% compared 
to 4% in the control group (figure 2 - graph). 
 
 
figure 1- graph of proportions of incidence (%) of the various osseous changes observed 
in case versus control groups 
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An observation of note is the prevalence of the variables were equal to or greater in the 
case group than the control group. The only variable that showed statistical significance 
(figure 2 - graph) between the two groups was sclerosis r (P = 0.002). 
 
 
figure 2 - Graph showing the P values between case and control group. Sclerosis r shows 
statistical significance (P=0.002). 
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Because the observed prevalence in the Case group is greater than or equal to that in the 
Control group for every variable, it seems worthwhile to consider a multiple logistic 
regression of Group on all of the other variables with the view to calculating a predictor 
of Group membership, or equivalently a function that maximizes the discrimination 
between groups. The results are summarized in graph 3 below. The abscissa is Group 
membership, coded 0 = Control, 1 = Case. The ordinate is the predicted probabilities of 
group membership from the regression. The horizontal line is drawn at the median 
(0.447) of the predicted probabilities. In the control group the number of points below the 
line 20. The number above is 5. In the Case group the number below the line is 5 and the 
number above is 20. 
 
 
Figure 3 – Graph of predicted probability of osseous changes occurring in control group 
and case group 
 
 
 
 
 
 
21 
 
 
A chi-squared test applied to this table gives the result: observed chi-square = 15.68, df = 
1, p-value = 7.501e-05, (<0.0001) confirming that the discrimination is statistically 
significant. A visual comparison of the incidence of osseous changes can be observed in 
figure 4 and 5. It proved useful to compare the osseous changes in the case versus the 
control group. Examples of the variables that were assessed: erosions (figure 6,7,8 and 9); 
flattening (figure 7); lipping (figure 9); sclerosis (figure 6,7,8,9); osteophyte formation 
(figure 6)   
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Figure 4 - Pie chart showing percentage of osseous changes in the case group 
 
 Figure 5 - Pie chart showing the percentage of osseous changes in the control group 
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Figure 6 - Axially corrected coronal CBCT view of right and left condyles. right condyle 
shows subchondral sclerosis and deviation in form with large osteophyte appearance, 
sclerosis and flattening of the eminence, mild erosion of the left condyle. Patient had 
asymptomatic click. 
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Figure 7 - Axially corrected coronal CBCT view of left condyle showing erosion, 
sclerosis of the subchondral bone and flattening of the superior aspect of the condyle. 
mild evidence of lipping on medial aspect and erosion of the eminence. Reduced joint 
space medially. 
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Figure 8 - Axially corrected coronal CBCT view of left condyle showing erosions, 
subchondral sclerosis and shape deformity. Mild erosion of the eminence also visible. 
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Figure 9- sagittal view showing lipping, erosion and sclerosis of the condylar head, 
erosions in the glenoid fossa and flattening of the articular eminence. 
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Chapter 5  
a. Discussion 
This study varied from those mentioned in the literature review, as it did not compare 
different imaging modalities, but rather used the most appropriate modality as deduced 
from the literature, to obtain vital radiographic information. This can then be correlated 
with clinical symptoms to guide and advice the treatment of early TMD. 
 
The graph in figure 3 gives a clear understanding of the results. The predicted 
probabilities between the case and control groups can easily be visualized. A median 
(0.447) through the graph implicitly shows that control group has 20 points below the 
median and the case group has 20 points above. This also implies a statistical significance 
between the both group discriminations.  
 
Osseous changes were observed in both the case and the control groups. The proportions 
of these changes in the case group were equal to or more compared to the control group.  
Erosions (32% - 44%), flattening (40% - 72%) and sclerosis (24% - 72%) were the more 
common finding. Lipping was observed in 4% to 16% of the condyles evaluated and 
osteophyte formation (0 – 8%) was the least occurring change. This reiterates previous 
notions that some osseous changes are normally found on the condyles, in asymptomatic 
middle to older patients, due to wear and tear of the joint.  Some osseous changes are 
associated with osteoarthritis; like erosions, lipping, subchondral cyst and osteophyte 
formation. Snearly (2012) reported that erosion of the condyle is a sign of the earliest 
manifestation of degenerative changes. 
 
Badel et al (2009) did a study comparing the osseous changes in patients (n = 16) 
confirmed with osteoarthritis and asymptomatic volunteers (20 dental students). They 
found flattening in 30% of osteoarthritic joints, 30% showed sclerosis and 15% showed 
osteophyte formation.  It is interesting to note that only 2 dental students showed osseous 
changes.  In another study, Nah K.S (2012) reported on a retrospective analysis of CBCT 
records of 440 TMJs. He observed prevalence for the following variables: sclerosis 
(30.2%), erosions (29.3%), flattening (25.5%), osteophyte formation (8%), subcortical 
cyst (5.5%) and deviation in form (13.2%). The incidence of his findings closely mimic 
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those in this study, however were conducted in patients with confirmed TMD and not as 
incidental findings in undiagnosed patients.     
 
Ossoeus Changes 
 
The variables used to assess the osseous components have been classified by some as 
normal or associated with disease.  The RDC/TMD guidelines classify osseous changes 
as either normal, indeterminate or osteoarthritis. The use of  ”indeterminate” category 
associates osseous changes with normal wear and tear and does not denote an overt 
diagnosis of degenerative joint disease or osteoarthritis (Ahmad et al. 2009).  
 
i. - Erosions 
Surface erosions of the bony components of joints are considered one of the diagnostic 
features of degenerative joint disorders. It can be considered an important diagnostic 
feature of osteoarthritis. Early signs confine the erosions to the cortical margins but could 
easily be misdiagnosed as it can represent a shape distortion or variation. In this study 44 
% of right condyles in the case group showed erosions compared to 36% in control 
group. The left side also showed 44% in case group compared to 32% in the control 
group. An increased incidence in case group is observed. Advanced disease progression 
shows erosions of the condyle to exhibit subcortical cyst formation as well. This was only 
observed in one patient in the control group and was not regarded as a true cyst but rather 
an area of osseous degeneration. 
 
ii. - Flattening 
Flattening of the condyle was not regarded as a diagnostic feature of osteoarthritis, but 
rather as a sign of remodeling of the TMJ in response to wear and tear of daily function. 
In the right condyles, 48% showed evidence of flattening compared to 40% in the control 
group. The left condyle showed 72% in the case group and 56% in the control group. The 
natural and somewhat complex variation of the head of the condyle can provide a 
misleading picture for flattening. In some planes the condyle appeared to be flattened. 3D 
rendition of the condyle and observation in all 3 planes was vital to appropriately 
diagnose the presence of flattening. One may speculate whether the increase incidence of 
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flattening in the left condyles could be associated with the muscle tone and prominent 
muscle usage of right-handed people versus left-handed people.  
 
 
iii. - Sclerosis  
Ahmad et al (2009) mentioned in the RDC/TMD diagnostic criteria that one-third of 
patients with subcortical sclerosis presented with pain and TMD. Sclerosis confined to 
the cortical margins and demonstrating a wider than normal sclerotic bony margin may 
be considered as normal or variation of normal. This is another feature that was found in 
normal functional TMJ’s. It is difficult to grade the severity of sclerosis of the cortical 
outline if it is confined to a small part of the condyle. The extent of the sclerosis beyond 
the cortical margin and into the subchondral space is also difficult to assess as no 
definitive landmarks are available to differentiate a mild, moderate or severe form. 
Severe or generalized sclerosis of the condyle is reported as a diagnostic feature of 
osteoarthritis. (Ahmad et al, 2009)   
 
 
iv. - Lipping  
In this study, the right condyles of 16% of the case group showed lipping as well as 16% 
of the control group. The left condyle showed 16% incidence of lipping whereas the 
control group incidence was 4%. Lipping of the condyle is considered an advanced 
diagnostic feature of degenerative joint disease. In some cases the condyle exhibited a 
classic ‘bird-beak’ appearance of the anterior condyle. The low incidence of this osseous 
change confirms that lipping is associated with advanced degenerative disease. 
    
v. - Osteophyte formation 
Osteophytes are a common diagnostic feature of osteoarthritis. It Indicates cartilage 
degeneration and most often is associated with pain. In this study the right condyles of 
the case group showed an incidence of 4% where the control group showed none. The left 
condyles showed an 8% incidence and the control group showed 4%.  
 
The RDC/TMD guidelines indicate that osseous changes including erosions, osteophytes, 
generalized sclerosis and subcortical cyst formation are diagnostic criteria for 
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osteoarthritis. Flattening and sclerosis confined to the cortical margins are considered 
indeterminate criteria for osteoarthritis (Ahmad et al 2009).  
 
In this study, one of the inclusion criteria was the presence of 24 teeth or more. Aly et al 
(2011) compared the morphological changes in 13 patients. 8 of whom had a complete 
dentition, while the other 5 had bilaterally missing lower posterior teeth. They found no 
support to their hypothesis that loss off occlusal support caused osseous changes in the 
TMJ and admitted that they assessed a very small sample size. 
 
The TMJ is regarded as one of the most actively used joints in our bodies and are 
susceptible to wear and tear. The effects of this daily use can be exhibited by osseous 
changes that can mimic degenerative joint disease. The results of this study indicated that 
osseous changes can be observed in patients that have an asymptomatic clicking of the 
joints. Although changes were observed in the control group, the incidence of bony 
changes was equal to or greater in the case group. The clicking symptom has been shown 
to resolve with some non-invasive therapeutic measures or the condition may progress to 
a degenerative joint disease. Koyama et al (2007) followed up on patients with confirmed 
TMD. They initially examined 1032 joints of 516 patients and then followed up the 
investigations of 102 joints at intervals between 3 and 18 months (mean 13.4 months). 
The patients were undergoing conservative treatment such as splint therapy during the 
follow up period. 63% of the initial joints showed osseous changes and 68.6% of the 
follow up joints showed osseous changes. There was an increase in number of joints that 
showed osseous changes and some of the variables observed showed increased 
prevalence and some variables showed a decrease in prevalence. 
 
b. Conclusion 
Osseous changes of the condyles were found in both the case and control groups. The 
predicted probability of these osseous changes occurring in both groups was statistically 
significant. A comparison of the incidence between case and control groups showed 
sclerosis (right condyle) to be the only statistically significant variable. Osseous changes 
can be found in patients that present with an asymptomatic click of one or both 
temporomandibular joints. A prolonged clicking of the TMJ warrants a clinical 
examination and adequate radiographic examination with CBCT, if available. 
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c. Recommendations 
 
i. There is a lack of clarity in the literature when diagnosis with regards to the 
severity of the osseous changes on the condyles. Badel et al (2009) concluded that 
minimal bony changes may be considered as normal. The literature is vague about 
the progression of minor osseous changes to degenerative joint disease. When 
should a sign or symptom be considered mild, moderate or severe? The early 
symptom of a progressive disease should not be left to resolve and a non-invasive 
treatment should be initiated. 
 
ii. We recommend further studies to observe the incidence of osseous changes in 
right versus left condyles. Some patients in the case group complained of a click 
on the right side and the observed changes were more prominent on the opposite 
joint. It will be interesting to deduce if any osseous changes would be correlated 
to corresponding joints in patients who are right handed or left handed. Does 
general and dominant muscle tone play a role and which joint will show more 
changes? 
 
iii. More studies need to be conducted to evaluate the osseous changes of the articular 
eminence and glenoid fossa of the temporal bone. A progressive remodeling 
disorder of a joint shows osseous changes of both bones involved. 
 
iv. Similar studies need to be conducted with a larger sample size to make results 
more meaningful. 
 
v. Cervidanes et al 2010 conducted the first study involving virtual 3D models that 
precisely quantify condylar morphology. They make use of surface 
correspondence,  a 3D surface mapping technique, with the aid of CBCT to 
capture the changes of the osseous structures. This has potential for further studies 
to visually evaluate progression and efficacy of treatment modalities.   
 
There are various treatment options for the management of TMD. Early treatment usually 
focuses on non-invasive means to treat the clicking. A thorough clinical history together 
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with radiographic examination is warranted in patients with early signs, in this case a 
persistent click of the TMJ. Patients in this study will be contacted to explain the results 
and asked to attend the TMJ clinic. Protocols and guidelines specific to these patients 
need to be drawn up for long term management. These should include physiotherapy as 
an on-going home exercise, the use of non-steroidal anti-inflammatory medication in 
patients who show progressive symptoms, the need for evaluation for bite plate therapy 
and regular follow up visits.    
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Appendix 1 
Subject information letter – case group 
Bone changes of patients with clicking on opening or closing the mouth – on CBCT 
xrays. 
My name is Dr Shoayeb Shaik, and I am a qualified dentist, currently studying further in 
the Radiology Department of the University of the Western Cape. 
You have been asked to take part in this study because one or both of your joints that 
control the opening and closing of your mouth clicks, either on opening, closing, or both.  
Research shows that this click can progress into a disorder of the joint. I am asking you to 
have a radiograph taken so that I can examine you for any early signs, and direct your 
treatment if need be. The information I get from this radiograph will help in your 
treatment and will also be used for research purposes. 
Procedure: 
I will examine your joint once again to see if the jaw does make a sound when you open 
or close. If this is confirmed, you will have one Cone Beam Computed Tomography 
examination. This modern piece of equipment will allow me to see the bones and even 
allow the conversion of the image into a 3D version.  
This will be done in the Radiology Department in this facility. You will be asked to stand 
in a room in front of an x-ray machine. Your head will be kept in place with a Velcro 
strap so that you don’t move your head. The machine will move around you twice. There 
is no pain or discomfort in doing this procedure.  This procedure will take no longer than 
5 minutes. 
Possible benefits: 
This study will allow us to gain knowledge of the effects of the clicking on the joints. 
Whilst you may not have any pain or discomfort from this clicking, we will be able to 
assess if there is early signs of damage. Information gained from this study will allow us 
to improve the treatment of the joint disorders and maybe save people from pain and 
discomfort later in life. 
Possible Risks: 
The radiographs taken in this kind of study generate a total amount of radiation which is 
less than 1% of the annual dose expected in normal life. 
Confidentiality: 
Your personal records related to this study will be kept with the utmost confidentiality. 
Assess to your records will always be restricted. Your name will not be associated in any 
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of the data forms. Any publications of the results obtained from this study will not reflect 
your name. 
Voluntary participation: 
Participation in this study will not affect your current treatment in any way. 
You are not obligated to take part in this study. You may decline at any time and your 
continuing treatment will not be compromised. Your participation is of great value and 
will be appreciated. 
Cost: 
There is no money given for taking part in this study.  
You will not be charged for the cone beam CT but the rest of your treatment will be 
billed as normal. 
Contact information 
Researcher:    Dr Shoayeb Shaik 
Supervisor  Prof. M.E. Parker   
  Department of Oral and Maxillofacial Radiology, Tygerberg Campus 
  Francie van Zyl drive 
  Tel: 021 937 3046 
  Email: 9749688@uwc.ac.za  
Dentistry Research Ethics Committee: 
Department of Oral and Maxillofacial 
Radiology, Tygerberg Campus 
Francie van Zyl drive 
Private bag X1 
Tygerberg 
7505, Cape Town, South Africa 
 
 
 
Tel: +2721 9373095 
Fax: +2721 931 2287 
Email: suenaidoo@uwc.ac.za 
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Appendix 2 - Consent form 
Bone changes of patients with clicking on opening or closing the mouth – on CBCT 
radiographs. 
If you accept to take part, please fill in the following document and sign where 
applicable. (Please tick next to your answer)   
1. Do you understand that you have been asked to take  
part in a research study? 
     
Yes 
      
__         
 
No  
                            
__ 
2. Have you read and received a copy of the information sheet?  
Yes 
 
__ 
 
No 
 
__ 
3. Do you understand the benefits and risks?  Yes __ No __ 
4. Have you had the opportunity to ask questions about the 
research?  
 Yes      
__ 
 
No 
                           
__ 
5. Do you understand that you are free to withdraw at any  
time and this will not affect your future dental treatment?  
      
 
Yes 
              
 
__ 
 
No 
                         
 
__ 
6. Do you understand the confidentiality of your records  
And understand who will have access to your records?  
  
Yes 
              
__ No 
                      
__ 
The research study was explained to me by ______________________ and I agree to take 
part in it. 
Patients signature: ______________________ Date: _________________ 
Printed name: ______________________ Place: _________________ 
I believe that the person signing this form fully understands this study and voluntarily agrees 
to participate. 
Signature of researcher: ______________________ Date:  _________________ 
Printed name: ______________________  
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Appendix 3 
Subject information letter – control group 
Bone changes of patients with clicking on opening or closing the mouth – 
on CBCT radiographs. 
Good morning/ afternoon 
My name is Dr Shoayeb Shaik, can I please have two minutes of your time. 
If it  is not convenient for you now, can you give me a time to call back that 
will be more convenient for you? 
I am doing a study on the changes in the jaw bone and joint that presents 
when someone hears a clicking sound when opening or closing the mouth. I 
need to ask you to come in for a brief examination of your joints. If you are 
unable to come in, will it  be possible for me to come to you, at your 
convenience. 
On examination, if the patient does have a click, it  will  be suggested that the 
patient enquire about the temporomandibular joint clinic at the faculty of 
dentistry and have a practitioner take a closer look. 
If no clicking on examination is found, patient will be informed that author 
will be using their records to do a study that will help us understand these 
symptoms better,  and be beneficial in the treatment of joint disorders. Your 
name will not be used anywhere and only I will know your details.  
You may choose to be withdrawn from this study but I humbly urge you to 
please consider your inclusion. 
Please enjoy your day further and thank you kindly for your time.  
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Appendix 4         page ___ 
Data collection form – osseous changes of the temperomandibular joint on CBCT 
images. 
Case:  ______        Control:   ____ 
Instructions: 
Ø Positive	  finding	  must	  be	  indicated	  with	  a	  tick	  
Ø Negative	  finding	  must	  be	  indicated	  with	  a	  X	  	  
Patient no. Erosions       
R          L 
Flattening  
R         L 
Lipping    
R          L 
Sclerosis 
R         L 
Osteophyte 
R           L 
Cyst         
R          L 
Other      
R           L 
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
 
 
 
 
 
